The national treatment principle, a centerpiece of many trade-related international treaties, mandates nondiscriminatory application of treaty provisions to nationals and foreigners. In international patent law treaties, the principle prevents countries from free-riding on foreign technologies, thereby preserving incentives for global innovations. Concerns about violation of the principle at the Chinese patent office have been voiced in business and policy circles, but there is little empirical evidence backing this claim. Using data on about half a million patent applications filed in China we find no, or only weak, evidence of anti-foreign bias in the issuance of patents overall. However, foreign applications in technology fields that are of strategic importance to China are four to seven percentage points less likely to be approved than local applications, all else equal. Given the importance of industrial policy in China and the country's strong focus on indigenous innovation and intellectual property, the empirical results provide a case of technology protectionism by means of the patent system.
Introduction
''Industry representatives express mixed opinions on whether there is anti-foreign bias in the issuance or enforcement of patents in China. However, some non-Chinese firms reportedly find it more difficult to obtain patents in sectors that the Chinese government considers of strategic importance.''
United States International Trade Commission (ITC) 2010, page xviii (italics added)
As with standard trade barriers, intellectual property (IP) rights may be awarded and exploited in such a way as to discriminate against foreign interests (Maskus, 2000) . Governments typically want the strongest possible protection in foreign countries in order to maximize returns to domestic firms, and the weakest possible protection for foreign firms in their domestic markets to facilitate free-riding on foreign technologies (Scotchmer, 2004) . To prevent such opportunistic behaviors and thereby preserve optimal incentives for global innovation, international IP treaties impose the ''national treatment'' principle, which states that within each country foreign applicants must receive treatment equal to that accorded to domestic applicants. This principle also ensures that the patent system is not used as de facto trade protection policy.
As far as we can ascertain, Webster et al. (2014) is the only study investigating the practical application of the national treatment principle in the patent examination process. Using a sample of about 50,000 patent applications granted by the U.S. Patent and Trademark Office (USPTO) and filed in the years 1990-1995 at the European Patent Office (EPO) and the Japanese Patent Office (JPO), the authors found that domestic applicants were more likely than foreign applicants to be granted patent protection, all else equal. They take this result as evidence of violation of the national treatment principle.
The present paper is concerned with the situation at China's patent office, the State Intellectual Property Office (SIPO). The claim that the national treatment principle is not being observed at SIPO has been noted in official reports and is regularly echoed in the press. 1 But discussions about unfair treatment of foreign applicants in China have so far focused largely on enforcement of IP rights (e.g., Love et al., 2016) . Although enforcement is a worthy object of study in its own right, in this matter it may be thought of as a second-order issue. If foreign applicants are wrongfully denied a patent in the first place, local competitors may legally use, produce, and sell their inventions in the home market. It is thus of primary importance to assess whether the patent system itself, rather than the judicial system, discriminates against foreigners.
This paper tests for anti-foreign bias in the issuance of patents at SIPO. The analysis relies on a sample of about half a million patent applications filed at SIPO in the period from 2001 to 2009. We implement two original strategies to control for unobserved heterogeneity. First, we track the grant outcome of more than 1.6 million exact ''twins'' of patent applications in our sample. These twins are filed in other jurisdictions where applicants also sought to protect their inventions. We use them to form an expectation of the probability of grant at SIPO (i.e., as a pseudo fixed effect). However, because the grant outcome of these twins may also be subject to a home bias, we have developed a test inspired by Aakvik (2001) and Rosenbaum (2002) to assess the robustness of the findings to such bias. The test involves assuming that the pseudo fixed effect is biased and gradually removing bias by altering the grant outcome of the twin applications. Second, we control for potential differences in the quality of patent attorneys by computing the IP law firm's average grant rate for all but the applications of the focal applicant-therefore ensuring that our results are not explained by differences in the quality of the translation into Chinese or any other IP law firm-specific effect.
Results suggest no-or at worst only weak-overall discrimination against foreigners at SIPO. However, foreign patent applications in ''strategic'' technology areas are about four to seven percentage points less likely to receive a patent grant than similar domestic applications.
We identify strategic areas with the help of experts at the World Intellectual Property Organization (WIPO) based in Geneva. We rely on their expertise to link technologies described in the central planners' long-term development plan (SCPRC, 2006) to technology classes listed in the patent documents. Given the importance of industrial policy in China and the country's strong focus on indigenous innovation and intellectual property, the empirical results provide a case of technology protectionism by means of the patent system.
The rest of the paper is organized as follows. Section 2 provides background information on technological planning and the patent system in China. Section 3 describes the empirical strategy and Section 4 presents the data. Section 5 discusses the results of the econometric analysis and Section 6 presents robustness checks. Section 7 concludes.
Background

Central planning of technology development
After Deng Xiaoping became China's leader in 1978, the Chinese government undertook a series of reforms and transitioned to a ''socialist market economy.'' In this context, the government implemented several innovation-related policies aimed to realize Deng's view that Science
and Technology (S&T) should be a primary productive force (OECD, 2008; Liu et al., 2011) .
From the beginning of the 1980s, science and technology-and related industrial policies-were explicitly designed to stimulate the development of advanced technologies for the purpose of (Yueh, 2009; Liegsalz and Wagner, 2013) . A priori, there are thus no reasons to expect any difference in the treatment of foreign and domestic applications at SIPO. (McGregor, 2010, p. 26) .
Concerns in the developed world
In light of these concerns, it is legitimate to ask whether one can find traces of discrimination in the patent system and how important such traces are. As far as we can ascertain, little empirical evidence exists.
Empirical evidence
To the best of our knowledge, two studies investigate anti-foreign bias in the Chinese patent system. Yang (2008) compares aggregate rates of issuance and pendency between international and domestic patent applications at the USPTO and SIPO. The author finds no significant difference in average pendency between national and international applications at SIPO relative to the USPTO but reports evidence of higher rate of issuance for domestic applications at SIPO.
However, due to the highly aggregate nature of the data, the author is able to provide only correlational evidence. Liegsalz and Wagner (2013) perform a similar exercise, though at a finer-grained level. They focus on the pendency of applications filed at SIPO between 1990 and 2002 and account for patent-level characteristics. They show that Chinese applicants receive patent faster than foreign applicants and that the difference in the grant lag is particularly strong in technology fields in which China has a relative technological advantage over other nations. However, the study pre-dates China's accession to the TRIPs agreement and is silent on the issuance rate.
Empirical strategy
Our empirical analysis seeks to evaluate the extent to which the probability of being granted a patent at SIPO differs for foreign and Chinese applicants, all other things being equal. We pay close attention to the fate of applications that are in areas of strategic importance to China.
Econometric model
We estimate the following latent variable model with pseudo fixed effect
where y * i is the latent variable underlying the binary grant outcome y i of a patent application for invention i (1 if the application is granted, 0 if it is not). The variable c i is the pseudo fixed effect that captures invention i's ''quality''. As explained further in the next section, we track ''twin'' applications of invention i in other jurisdictions and we measure c i as the average grant rate of these twin applications. Literally, c i captures other patent offices' assessment of the patentability of invention i. The vector variable X i includes the constant term and control variables that may affect the probability of a grant at SIPO. The dummy variable F oreign i takes the value 1 if the application for invention i is filed by a foreign applicant and 0 otherwise. Finally, the dummy variable Strategic i takes the value 1 if invention i relates to a technology of strategic importance, as defined in section 3.3. The variables of interest are F oreign i and the interaction term (F oreign × Strategic) i . They allow us to test whether patent applications by foreign firms are systematically less likely to receive a grant, all else equal, and whether there is a specific anti-foreign bias in technology fields of strategic importance. We assume that the error term i has a standard logistic distribution, but we will also estimate a linear probability model for comparison purposes.
It is important to note that a negative coefficient for β 3 would not necessarily be evidence of a systematic anti-foreign bias in strategic fields. Indeed, the marginal effect of a change in both interacted variables in a nonlinear model is not equal to the marginal effect of a change in the interacted variable (Ai and Norton, 2003) . We will use the methodology proposed by Norton et al. (2004) to estimate the magnitude of the marginal effect for the interaction term in an appropriate manner. In addition, the marginal effect for the interacted term may have a different sign for different observations and for different values of the covariates. Therefore, we will also depict the marginal effects for the interaction term over the range of predicted grant-probability scores, as suggested by Hoetker (2007) .
Identification strategy
The core empirical challenge is to properly control for invention quality and, hence, for the baseline probability that a patent will be granted. The term ''quality'' denotes the technological merit of the invention, which directly affects the probability of grant. As a preliminary step toward establishing quality, we restrict the sample to patent applications with at least one international family member.
4 Patent applications at SIPO by foreign firms form a selected sample of applications-one for which applicants were willing to incur the substantial cost of 4 A patent family refers to a group of patent applications that are all related to each other by way of one or several common priority filings. A priority filing is the first patent application that was filed to protect an invention.
international patent protection. By contrast, there is no selection in patent applications by locals, leading to a lower average quality. In order to put locals and foreigners on the same level, we impose that all applications in the sample have a ''direct equivalent'' at selected patent authorities. A direct equivalent is a patent protecting exactly the same invention in a different jurisdiction (Martinez, 2010; de Rassenfosse et al., 2013) . One can think of this requirement as similar in spirit to the common support requirement in econometric matching models.
We searched for direct equivalents at seven patent authorities for which we have reliable information: the European Patent Office (EPO), USPTO, the Japan Patent Office (JPO), the Canadian Intellectual Property Office (CIPO), the Korean Intellectual Property Office (KIPO), the Russian Federal Service for Intellectual Property (RFSIP), and the Taiwan Intellectual Property Office (TIPO). These seven offices account for more than 80 percent of total patenting activity outside China.
5 More specifically, we identify one-to-one equivalents: application B is a one-to-one equivalent of application A if B claims A as sole priority (i.e., no merged patent applications) and if A is only claimed by B in B's office (i.e., no split patent applications). In this sense, A and B cover the same technical content and are thus twin applications.
Next, we go one step further and use the average grant rate for these equivalent applications as a pseudo fixed effect (variable c i in the regression model). The average grant rate informs us about foreign offices' assessment of the patentability of the invention. In other words, the empirical analysis estimates the determinants of the probability of a grant at SIPO, beyond the grant probability expected by looking at other offices' grant decisions for the same invention.
Note that our use of the pseudo fixed effect comes with an implicit exogeneity assumption, namely that foreign offices do not discriminate based on the applicant's country of residence.
Should they do so, the pseudo fixed effect would be correlated with the variables of interest, leading to a biased estimator. In order to assess the severity of this issue, we will develop an ad hoc test of unobserved heterogeneity inspired by Aakvik (2001) and popularized by Rosenbaum (2002) . This test involves assuming that the pseudo fixed effect is biased and gradually removing bias by altering the grant outcome of the twin applications.
5 Our own computation based on PATSTAT data.
Identification of strategic technologies
We used the MLP to identify technologies of strategic importance. In order to identify patent applications in these strategic areas, we linked the 27 frontier technologies to specific patent classes. In particular, we worked at the main group level as defined by the International Patent Classification (IPC) taxonomy. 7 The IPC is a hierarchical system for classifying patent applications according to the different areas of technology to which they pertain. The linking of technologies described in the MLP to IPC classes was done in two steps. First, we relied on IPCCAT, a tool that allows for automated patent classification based on text analysis. 8 Second, we validated the list with the help of three WIPO experts, which led to some refinements in the classification. 9 In particular, some IPC classes provided by the classification tool were too broad. At the end of the process, we identified 99 strategic main groups out of the 6,812 main groups used to describe the technological content of the patents in our sample.
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It is important to emphasize that we do not claim that the MLP is a medium for discrimination. Rather, we use the MLP to infer areas of strategic importance in a consistent manner.
As a matter of fact, the MLP is not the first plan designed to support the development of 6 Frontier technologies are selected in China in accordance with the following principles: (i) representing the development direction of world high-tech frontiers; (ii) having a pioneering role in shaping and developing new industries in the future; (iii) being conducive to industrial technology upgrading and to achieving leapfrogging in development; and (iv) possessing a strong team of talented personnel and a sound R&D basis (SCPRC, 2006, p.33) .
7 For instance, H04L 1/02 is a complete classification symbol. The section symbol H indicates that the patent application belongs to the Electricity section; the class symbol H04 identifies the Electric communication technique class; the subclass symbol H04L specifies the Transmission of digital information field; the maingroup level symbol H04L 1 (formally H04L 1/00 ) narrows down the technological field of the application to Arrangements for detecting or preventing errors in the information received; the last two digits in the complete symbol further limit the domain to technologies detecting errors by diversity reception.
8 Available at https://www3.wipo.int/ipccat/. IPCCAT's typical precision scores for English patents are about 90 percent at Class level, 85 percent at Sub-Class level and 75 per cent at Main Group level (Benzineb and Guyot, 2011) . 9 We are grateful to Gabriel Berlicki, Zhou Hao, and Lutz Mailaender for having kindly agreed to help us. 10 The list is available upon request from the authors. We also crawled SIPO's website to recover data on the attorneys who handled the applications we analyzed.
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The sample is composed of applications filed at SIPO by foreign and domestic firms between 
Dependent variable
The variable y i , labeled Grant, takes the value 1 if a patent was granted and 0 if the application was refused or withdrawn. To mitigate further potential bias related to truncation we exclude pending applications from the sample. Such filtering is particularly important in light of the 11 See https://patents.google.com/ and http://english.sipo.gov.cn/.
fact that foreign applications have longer grant lags (Liegsalz and Wagner, 2013) . We also exclude applications for which the applicant never requested examination because, in such a cases, the withdrawal decision was not affected by SIPO's examination process. Thus, the remaining withdrawn applications in the sample are ''quasi-refusals'' in the sense of Lazaridis and van Pottelsberghe de la Potterie (2007).
Covariates
As far as the variables of interest are concerned, the binary variable Strategic takes the value 1 if a patent application is assigned to any of the relevant IPC main groups identified through the IPCCAT tool, and the value 0 otherwise. The variable Foreign reports whether the country of residence of the applicant recorded in the first priority filing is abroad or in China. If a patent application belongs to more than one applicant we consider it as foreign only if none of the applicants resides in China. (Section 6 discusses alternative specifications.)
The regression model includes several control variables that account for patent-specific characteristics that may affect the grant probability of an application:
Patent family size (family size) accounts for the total size of the patent family to which an application belongs. Inventions covering large patent families are particularly valuable, which may affect the probability of grant. In computing the family size we consider every patent authority for which the information is available in the PATSTAT database and not just the seven patent offices that we consulted in searching for direct equivalents.
Number of IPC classes (tot IPC ) indicates the total number of four-digit IPC classes to which a patent application pertains. Applications covering many IPC classes are supposedly more complex to examine, as they may rely on technologically distinct elements (Lerner, 1994; Harhoff et al., 2003) .
Number of inventors (nb inv ) reports the total number of inventors listed in the patent document.
Number of applicants (nb app) reports the total number of applicants listed in the patent document.
Revealed Technology Advantage (RTA) is a binary variable that reports whether the RTA at SIPO is strictly larger than one. The RTA is computed as the country's share of patents applications filed at SIPO within an IPC class (3-digit level of the IPC classification) over the total share of that country's applications at SIPO. An RTA value above 1 in a specific IPC class indicates that a country is comparatively specialized in the technology sector covered by that IPC class. The rationale for including this control variable comes from Webster et al. (2014) , who show that the degree of technological specialization of the applicant's country affects the grant probability of an application.
Priority application lag (priority lag) reports the lag in months between the filing date of the priority patent application and the filing date at SIPO. The priority date is the closest in time to the actual invention date, and the lag makes it possible to control for the age of the invention at the moment it reaches SIPO. Logically, the lag is 0 if the Chinese application is the priority filing.
Examination request lag (exam request lag) reports the lag in months between the date of application at SIPO and the date of the request for examination. Chinese patent law requires the applicant to submit a request for substantive examination within three years of the filing date. As suggested by Palangkaraya et al. (2008) the decision of an applicant to delay examination may be correlated with the quality of an application and, therefore, with the probability of grant.
Number of independent claims (nb indep claims) reports the number of independent claims listed in the patent application. Independent claims describe the essential features of the invention and the variable captures the scope of the invention. This datum is missing for less than 1 percent of the patent applications in our sample. In such cases we rely either on the average number of independent claims included in the equivalent applications filed with other patent authorities, or, if this information is not available, on the number of independent claims included in the granted document.
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Number of dependent claims per independent claims (dep claims ratio) is the number of dependent claims over the number of independent claims appearing in the patent 12 In this way we recover the number of independent claims for 91 percent of the applications for which the claim information was missing. In the remaining cases, we impute the number of independent claims for the missing observations through a Poisson regression on a set of relevant patent-specific characteristics, including IPC (3-digit), application year, number of applicants, number of inventors, the total number of IPC codes assigned to the patent application, and the country of residence of the first-listed applicant. Experience of the applicant (experience) is a binary variable that takes the value 1 if a foreign (Chinese) applicant has applied for at least three (two) patent applications at SIPO during the study period, and 0 otherwise. It indicates whether the applicant has some level of familiarity with the Chinese patent system. The different thresholds for Chinese and foreign filings allow us to identify applicants in the upper quartile in terms of number of applications at SIPO for both groups.
The pseudo fixed effect reports the average grant rate of the twin applications.
IP law firm (law firm). China patent law stipulates that a foreign applicant having no residence in China must appoint a licensed IP law firm to act as its agent to handle the patent application. Chinese applicants may instead appoint any IP law firm. The quality of the IP law firm may affect the probability of grant, especially if there are differences in the quality of attorneys between IP law firms chosen by foreigners and locals. The IP law firm effect for patent i by applicant f is computed as the average grant rate of all but applicant f 's patent applications processed by the IP law firm. This implementation ensures that the variable is not endogenous to applicant f or to the quality of invention i.
Dummy variables for the application year at SIPO (appln year ) and the 1-digit level of the IPC class(es) of the application (IPC class). As the bottom row of Table I The pseudo fixed effect is significantly higher for applications by foreign firms than for Chinese firms, although the effect is small in magnitude (2.4 percentage points). The average grant rate of the IP law firm is not significantly different between foreign and domestic applications.
Descriptives statistics
[ Figure 1 about here.] Figure I shows the distribution of all applications in the sample by 1-digit IPC code and applicant country of residence. The distribution across IPC codes is roughly similar between Chinese and foreign applicants, with the exception of the H class (electricity), which is more prevalent in the case of Chinese applicants. Odd-numbered columns in table II report the coefficients obtained using the linear probability model, whereas even-numbered columns display the marginal effects at sample means obtained using the logit regression model. The first two columns display the results when the control variables are not included in the regressions. Columns (3) and (4) report the results for the full model, which includes the control variables, the pseudo fixed effect, and the law firm effect. Columns (5) and (6) report the results for the regression model estimated on a matched sample of applications to further increase comparability between groups. We matched applications by Chinese firms to applications by foreign firms using the propensity score matching method (Rosenbaum and Rubin, 1985) . Applications were paired based on the predicted probability of an applicant being from a foreign entity. We computed this probability by estimating a probit regression model of the variable foreign on the relevant application-specific characteristics described in section 4. Given the abundance of foreign applications in our original sample, we matched each Chinese application to up to two control foreign applications. Appendix A discusses the matching procedure in greater detail. Models in column (1) and (2) provide evidence of low levels of overall discrimination against foreigners, and a greater level of discrimination in technology domains that the Chinese government deems strategic. Controlling for additional confounding factors in columns (3) and (4) reduces overall discrimination to negligible levels but leaves the effect of discrimination in strategic areas essentially unchanged. Estimating the full model on a matched sample of applications in columns (5) and (6) considerably reduces the sample size but confirms the finding of discrimination in strategic areas. Overall, the probability of grant for applications from foreigners in strategic areas is between 4 and 7 percentage points lower that what it should be in the absence of discrimination.
Results
Baseline results
As discussed in Section 3, the marginal effect for the interaction term in a nonlinear model may have a different sign for different observations and for different values of the covariates (Ai and Norton, 2003) . The left side of Figure II displays the median spline plot of the interaction effect as a function of the predicted probability of grant. The right side of the figure depicts the interaction effect divided by the predicted probability of an application being rejected.
As the left-hand graph shows, the effect is always negative and is strongest in magnitude for applications that have a lower predicted probability of being granted. Discounting the interaction effect by the probability of a rejection leads to the right-hand graph where the (relative) impact of the interaction term is stronger for applications with a higher predicted probability of being granted.
[ Figure 2 about here.]
Technology-specific estimates
To shed more light on the foreign bias we also run the analysis by stratifying the variable Table II . Foreign applications in the field of biotechnology have a particularly low probability of being granted patent protection in China, between 14 and 15 percentage points lower than what they would achieve if the national treatment principle were being observed.
For laser technology we also find a negative effect of 10 percent although it is not statistically significant. There is no effect for advanced materials, advanced manufacturing, and marine technology. Finally, the effect in aerospace is positive but not significantly different from zero.
[ Figure 3 about here.]
6. Robustness checks 6.1. Standard-essential patents As described in section 3, we define an application as strategic if it falls into one of the IPC main groups that we linked to the priority technologies described in the MLP (SCPRC, 2006) . This approach makes sense, because Chinese industrial policy focuses on selected key technologies.
The fact that we find a significant effect further validates it. The approach has the advantage of encompassing a ''broad'' set of technologies. However, too broad a set might dilute the strength of the discrimination that we find-hence our measure of the foreign bias represents a lower bound estimate of the true effect. We use so-called standard-essential patents (defined below) as a narrower definition of strategic to study how much larger the discrimination could be. More specifically, we run a robustness check in which we identify and separate patent applications in strategic sectors and standard-related applications at SIPO.
In the early 2000s China began to consider technical standards as a crucial tool for improving its innovative capacity (Ernst, 2011) . The Chinese government committed to transform the country from a ''standards taker'' to a ''standards maker'' through the development of unique Chinese technology standards (SCPRC, 2006) . Even though the implementation of fully Chinese standards has not been successful from the commercial viewpoint, some observers have noted that China uses technology standards as a protectionist trade tool (Breznitz and Murphree, 2013) . In fact, the Chinese standards administration states such a view explicitly (Ernst, 2011) . In addition, Western observers are also concerned that ''Chinese competition authorities may target for investigation foreign firms that hold [patents] that may be essential to the implementation of certain standard technologies''(USITC, 2014, p. 35).
Many standard-setting organizations require members to disclose patents or patent applications that are, or have the potential to become, essential to a standard. These patents are defined as standard-essential patents (SEP), with the term ''essential'' meaning that a given standard cannot be implemented without infringing on a patent declared as SEP for that standard (Baron and Pohlmann, 2015) . Standard-setting organizations typically require members to timely disclose their SEPs in publicly available declarations. We identify SEPs by linking patent applications in our sample to the Searle Center's Database of declared standard-essential patents (Baron and Pohlmann, 2015) .
13 This database provides one of the most comprehensive lists of declared SEPs currently available.
In this way we were able to identify 2,132 patent applications in our sample that were declared as essential to a technology standard. Most of these applications belong to the ICT domain, and 88.5 percent of the declarations were made for standards developed by the Eu- 13 We are grateful to the authors for having shared their data.
ropean Telecommunications Standards Institute (ETSI). We include in the regression model a binary variable (SEP ) that takes the value 1 if a patent application is declared as standardessential and the value 0 otherwise. We then include an interaction term between the variable SEP and the variable foreign. We also redefine the variable strategic as ''strategic (not SEP)''
and give it the value 1 only if an application belongs to a strategic IPC and is not declared as standard-essential. Table III reports the results obtained using this specification.
[ Table III about here.] As the table shows, applications by foreigners related to SEPs have a particularly low probability of being granted, with an anti-foreign bias ranging from 9 to 14 percentage points, depending on the regression model. The effect for the interaction term between the foreign and the strategic (not SEP) variables is negative and significant; its magnitude is comparable to the one we obtained from the baseline specification. Thus, the discrimination bias may be as high as 14 percentage points.
Sensitivity to hidden bias
An original feature of the empirical analysis presented here is that we use the grant outcome of direct equivalent applications at different patent authorities as a pseudo fixed effect, which allows us to control for the ''quality'' of the invention by providing a benchmark for the grant probability at SIPO. However, the pseudo fixed effect may lead to biased estimates of the coefficients associated with the variables of interest if foreigners face positive discrimination in their home office. For instance, a twin application at the USPTO filed by a U.S. applicant may have a higher probability of receiving a grant than a non-U.S. application, all else equal.
To assess the sensitivity of the results to this potential bias we developed a test inspired by the bounding approach proposed by Aakvik (2001) . Aakvik introduced the bounding analysis to evaluate the sensitivity of the results obtained through matching estimators to selection on unobservables. The main idea of this methodology is to ask how much hidden bias can be present in the selection process before the qualitative conclusions of the study begin to change.
The methodology involves artificially adding increasing levels of hidden bias in the selection and observing when the treatment effect ceases to be significant. A study is highly sensitive to hidden bias if the main results change for small amounts of hidden bias.
Our robustness test is inspired from Aakvik's methodology. We investigate two potential sources of hidden bias. First, we assume that the average grant outcome at other patent authorities is biased upward for home applicants. We then gradually decrease the bias by switching the grant outcome from 1 to 0 for a randomly selected share of twin applications granted by the home office of the foreign applicant, compute again our pseudo fixed effect, and re-run the analysis. We progressively change the grant outcome for 1 to 30 percent of the twin applications of the foreign filings at SIPO that were granted by the home authorities. Second,
we also run the test by switching the outcome of granted twin applications in strategic sectors only-although there is no theoretical ground for believing that the home-bias effect at other patent offices should occur only in sectors considered strategic by China. Table IV reports the coefficient associated with the interaction term f oreign × strategic estimated using the linear probability model for different levels of hidden bias. As the table shows, when the bias is introduced for all foreign applications, the main effect of the interaction term is robust to a very high level of hidden bias. When we selectively introduce the bias exclusively for foreign twin applications in strategic sectors, the results appear to be robust to a reasonable amount of hidden bias. The coefficient is still negative and significant for a level of hidden bias in excess of 25 percent.
[ Table IV about here.]
Finally, we also run the analysis using three alternative strategies to compute the pseudo fixed effect. First, we calculate it by discarding the grant outcome at the home patent authority. This version of the pseudo fixed effect is extreme because it discards a large amount of information. Second, we compute it by taking into account the stringency of the pertinent patent authorities. In concrete terms, we calculate the pseudo fixed effect as a weighted average of the grant outcomes at other authorities, where the weight is the reciprocal of the overall grant probability at a specific patent office. In this way we put a higher (lower) weight to successful applications granted by more (less) stringent patent authorities. 14 Third, we recover the pseudo fixed effect by discarding information from the Taiwan Intellectual Property Office, which arguably may be too closely aligned with the outcome at SIPO. Table V displays the coefficient retrieved from the linear probability model for the main variables of interest for the three different versions of the pseudo fixed effect. As the table shows, the effect of the interaction term is always negative and is significantly different from 0 at the 0.001 probability threshold. It ranges between 4 and 7 percentage points, which is quantitatively similar to the baseline specification.
[ Table V about here.]
Sensitivity to applicants' country of origin
The variable Foreign takes the value 1 when the country of residence of the applicant is abroad and the value 0 if the country of residence is China. Sometimes, however, large multinational corporations that have subsidiaries in several countries may decide to file a patent application from a local office and not from headquarters. As a result, patent applications by the same corporation could sometimes be categorized as Chinese and sometimes as foreign. In addition, the variable Foreign takes the value 1 only if all applicants reside outside China. This strict definition of foreignness may represent a confounding factor if an application by Chinese and foreign co-applicants is treated more like a foreign application than a Chinese one.
To ensure that our results are robust to these issues we run three different specifications.
First, we assign applicants to a country only if at least 80 percent of their patent applications list that country as their residence. If the 80 percent threshold is not met, the applications are excluded from the sample. Second, we manually remove from the sample (i) all the applications filed by well known non-Chinese multinational corporations that are listed as Chinese applications and (ii) all non-Chinese applications filed by established Chinese multinationals.
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Third, we exclude from the original sample all applications co-filed by a foreign and a Chinese applicant. Table VI reports the coefficient for the main variables of interest recovered from the linear probability model run on the three subsamples. Column (1) displays the results for the sample obtained under the 80 percent rule; column (2), the results obtained by excluding known multinationals; and column (3), the results obtained by excluding Chinese-foreign co-filings. As the table shows, the main finding is very robust to these alternative definitions of foreignness.
15 For instance, Taiwanese companies frequently file applications through their Chinese subsidiaries.
[ Table VI about here.] 6.4. Grant outcome at the USPTO Some observers may interpret our results as evidence that the MLP is achieving its purpose:
Chinese firms do produce higher-quality inventions in strategic fields thanks to the MLP, which logically translates into higher grant rates compared with foreigners. Such an observation neglects the fact that we control for confounding factors using the pseudo fixed effect, the IP law firm effect, application-level characteristics, and a matching approach. However, the concern that the empirical strategy does not fully account for unobserved heterogeneity warrants further investigation.
We ran a robustness test in which we reversed the setting of the analysis: we looked at the grant outcome at the USPTO for the direct equivalents of the focal patent applications at SIPO. Out of the 477,854 filings at SIPO used in the main analysis, 362,439 had a direct equivalent application at the USPTO. 16 Clearly in the new setting we could not include exactly the same set of control variables as in the main analysis. We lacked information about the number of independent claims in U.S. applications and the U.S. patent attorney. Moreover, we could not control for the lag between the application and the request for examination, because no request for examination is needed in the U.S. patent system.
If the higher quality of Chinese applications in strategic sectors were driving the result of the focal analysis, we should find a positive and significant effect on the grant probability at the USPTO for Chinese applications in strategic IPCs. Table VII reports the results of this robustness check. Columns (1) and (2) display the result for the grant outcome at the USPTO (linear probability model and logit), when we compare Chinese applications with filings by applicants of any other nationality. Columns (3) and (4) show the results for the comparison between Chinese and non-Chinese filings, excluding applications by U.S. nationals that may distort the results owing to a potential home-bias effect at the USPTO. As the table shows, when we consider applicants of any nationality we find no significant difference in the grant probability between Chinese and non-Chinese applications in strategic fields. When we remove applications filed by U.S. applicants we find that Chinese applications in strategic fields have a significantly lower probability of receiving patent protection at the USPTO than applications made by other 16 78.6 percent of the filings by Chinese applicant and 75.7 percent of the application by foreign applicants in our original sample have a direct equivalent at the USPTO. nationals. Evidence from the USPTO thus suggests that, if anything, applications by Chinese firms in strategic IPCs are of lower, not higher, quality compared with applications by nonChinese firms.
[Table VII about here.]
Concluding remarks
Most of the political efforts in international IP law as it relates to China has been geared toward harmonizing the legal framework and ensuring better enforcement of registered rights.
Governments have indeed made considerable progress on these fronts, but subtler barriers may remain. The patent prosecution process may be one such barrier: Patent offices have wide discretionary power, and, where patents are concerned, policy makers do not verify the observance of the national treatment principle as they do for trade. One reason for this neglect is that discrimination in the patent prosecution process is difficult to identify.
The results presented in this paper seem to confirm the view that the patent system works as a barrier to entry in sectors that the Chinese government considers strategic. The analysis rules out many potential explanations for the effect, notably differences in the quality of the underlying invention. We also took the conservative approach of controlling for the quality of patent attorneys in order to rule out the possibility that results may be driven by foreign companies relying on lower-quality attorneys or having poor translation into Chinese. In fact, discussions with several heads of IP at western companies in these strategic sectors suggest that IP managers work with high-quality local attorneys. Thus, the reasons for the discrimination that we observe are not to be found among the applicants or the attorneys. What remains is the patent office. This paper does not provide evidence of organized-that is, intentional-discrimination. It was suggested to us that our results may be a consequence of the assignment of more-experienced examiners to strategic applications by foreigners, causing such applications to receive more exacting treatment.
17 This explanation, if confirmed, would imply a systematic difference in the treatment of locals and foreigners in apparent violation of the national treatment principle.
The results reported here have implications for firms and governments. Firms may not have sufficient perspective or cases to realize that they are being discriminated against. The systematic discrimination undercovered in the empirical analysis suggests that firms in strategic areas should adapt their patenting strategy-for example, by foregoing patenting in China or by filing more and narrower applications covering the same basic invention. Our finding also calls for action at the policy level. Currently, no committee monitors the practical application of the national treatment principle in the prosecution process-in stark contrast to the situation with international trade. In light of the evidence presented in this paper, the formation of such a committee may be warranted.
Appendix A. Matching procedure
As described in section 5, to increase the comparability between the groups of foreign and
Chinese patent applications we adopted the propensity score matching model (Rosenbaum and Rubin, 1985) . The propensity score is the predicted probability that a given application has been filed by a foreign applicant. To compute that probability (our ''propensity score'') we run a probit regression of the variable foreign on the set of observable application-specific characteristics described in section 4.
18 Given the abundance of foreign applications in our sample, we match each Chinese filing with up to two foreign applications. To ensure that we do not introduce any additional bias by including more than a single control unit, we also set a tolerance threshold for the maximum distance, in terms of propensity score, between matched units.
19
For the matching procedure to be successful, the empirical distribution of the relevant covariates should be balanced, and no significant differences in the covariates' means should be found after the pairing (Caliendo and Kopeinig, 2008) . Table VIII reports descriptive statistics by country of residence for the matched sample and the t-test for differences in the covariates' means between the two groups. As the table shows, there is no significant difference for the vast majority of covariates. Of particular importance is the fact that there is no significant difference between the Chinese and foreign applications for our pseudo fixed effect in the matched sample.
The difference is still significant for the family size, the nb applicant, and the RTA variables, although the matching procedure has been able to drastically increase comparability between groups (cf. Table I ). For instance, the difference in the average family size between foreign and domestic applications is 2.3 for the full sample and only .17 for the matched sample. The same holds for the difference in the average number of applicants, which goes from .12 in the full sample to .03 for the matched sample. The difference also shrinks for the RT A variable, but less remarkably. Note that we include the matching covariates as control variables in the main regression models.
18 All else equal, for Chinese applications it is much more likely that the filing at SIPO coincides with the first priority application. We thus do not take into account the variable priority lag in the matching procedure, as the country of residence directly affects the probability of the application being filed at SIPO first.
19 To perform the matching procedure we use the Stata module PSMATCH2, developed by Leuven and Sianesi (2015) . The caliper option that determines the maximum distance threshold is set to .25 of the standard deviation of the propensity score as recommended by Rosenbaum and Rubin (1985) [ The column t-test reports the difference between the averages of the two groups and the statistical significance of that difference. * p < 0.001. For the logit models the R 2 row reports the pseudo R 2 .
The average marginal effect for the interaction term is computed using the methodology proposed by Ai and Norton (2003) . The average marginal effect for the interaction term is computed using the methodology proposed by Ai and Norton (2003) . Average marginal effect for the interaction term computed using the methodology proposed by Ai and Norton (2003) .
For the logit models the R 2 row reports the pseudo R 2 . The column t-test reports the difference between the averages of the two groups and the statistical significance of that difference. * p < 0.001
